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Introduction

43
The plastic nature of plant architecture can be traced back to the activity of meristems, notches of the 10-day-old thallus ( Fig. 2a) . In mature thalli with gemma cups, significant 135 promoter activity was detected in the apical notches, the floor of gemma-cups, and 136 developing gemmae ( Fig. 2b-d ).
137
To analyze the localization of protein accumulation, we inserted the yellow 
GCAM1 is essential for gemma cup formation
146
To investigate the function of GCAM1, we disrupted GCAM1 using homologous wild-type 3-week-old thallus developed from a thallus explant containing an apical notch,
150
over ten gemma cups filled with gemmae were observed on the midrib of the dorsal surface
151
( Fig. 3a, c, e). In contrast, no gemma cup development was observed on the dorsal surface 152 of the gcam1 ko midrib ( Fig. 3b and d . To clarify whether GCAM1 may also be involved in branching,
164
we investigated the number of gemma cups and apical notches in the gcam1 ko line in
165
comparison with those of the wild type ( Fig. 3g, h ). About 20 gemma cups were observed 166 on 3-week-old wild-type thalli, whereas no gemma cups developed in the gcam1 ko mutants.
167
In contrast to the conspicuous gemma cup phenotype, no significant decrease in the number 168 of bifurcations was observed in the gcam1 ko lines compared with that of the wild type,
169
which suggested that GCAM1 plays no role in bifurcation of the apical notch. . In these transgenic plants, GCAM1 function was expected to be induced by Trp residues of the R2 repeat 28 , and GCAM1 conforms to this rule (Fig. 5c) Loss-of-function mutants of GCAM1 showed no sign of gemma cup development, but no 234 obvious abnormality was observed in the development of other thallus tissues (Fig. 3 ). This was halted at 1 week or 2 weeks after DEX treatment, numerous thalli developed directly 243 from the cell clumps (Fig. 4) (Fig. 5a) .
256
Interspecific complementation analyses demonstrated that M. polymorpha GCAM1 can 257 interact with the genetic machinery of axillary meristem formation in Arabidopsis (Fig. 5d) . 
Materials and Methods
299
Plant material and growth conditions
300
Male and female accessions of M. polymorpha, Takaragaike-1 (Tak-1) and Takaragaike-2
301
(Tak-2), respectively 14 , were maintained asexually. F 1 spores generated by crossing Tak-2   302 and Tak-1 were used for generation of gcam1 ko and GCAM1-Citrine knock-in plants.
303
Formation of sexual organs was induced by far-red irradiation as described previously 41 .
304
Mature sporangia were collected 3-4 weeks after crossing, air-dried for 7-10 days, and 305 stored at −80°C until use.
306
Marchantia polymorpha plants were cultured using half-strength Gamborg's B5 Loss-of-function mutants of GCAM1 were generated with the CRISPR/Cas9 system as 379 described previously 30, 47 . We selected two target sequences, one located in the first exon,
380
and the other located in the second exon of GCAM1 (Supplementary Figure 4) . An For scanning electron microscopy, plant samples were frozen in liquid nitrogen 411 and directly observed on a VHX-D500 microscope (KEYENCE, Osaka, Japan).
413
Generation of GCAM1-overexpressing plants
414
To generate MpEFpro:GCAM1, the GCAM1 coding sequence was amplified by PCR using . Transformants were selected with 10 µg/ml hygromycin B
420
and 100 µg/ml cefotaxime.
421
To construct MpEFpro:GCAM1-GR, the GCAM1 CDS was amplified by PCR 422 using KOD Plus Neo DNA polymerase (TOYOBO) with the primer set 423 GCAM1-cds-L1/GCAM1-cds-nsR and cloned into the pENTR/D-TOPO cloning vector.
424
The entry vector was used in the Gateway LR reaction with the Gateway binary vector 
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The following materials are available in the online version of this article. for phylogenetic analysis in Fig. 5a . 
